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Write Head Design With Improved Bump to 
Control Write Saturation 



Field of the Invention 

The present invention relates to write heads, and more particularly, this invention 
relates to a write head having an integrated bump that defines pole tip throat heights for 
controlling write saturation. 



10 Background of the Invention 

A typical magnetic disk drive includes a rotating magnetic disk, a slider that has 
read and write heads, a suspension arm above the rotating disk and an actuator arm that 
swings the suspension arm to place the read and write heads over selected circular tracks 

15 on the rotating disk. The suspension arm biases the slider into contact with the surface of 
the disk when the disk is not rotating but, when the disk rotates, air is swirled by the 
rotating disk adjacent an air bearing surface (ABS) of the slider causing the slider to ride 
on an air bearing a slight distance from the surface of the rotating disk. When the slider 
rides on the air bearing the write and read heads are employed for writing magnetic 

20 transitions to and reading magnetic signal fields from the rotating disk. The read and 
write heads are connected to processing circuitry that operates according to a computer 
program to implement the writing and reading functions. 
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FIG. 1 is a side cross-sectional elevation view of a piggyback magnetic head 100, 
which includes a write head portion 102 and a read head portion 104, the read head 
portion employing a spin valve sensor 106. FIG. 2 is an air bearing surface (ABS) view 
of FIG. 1. The spin valve sensor 106 is sandwiched between nonmagnetic electrically 
5 insulative first and second read gap layers 108 and 110, and the read gap layers are 
sandwiched between ferromagnetic first and second shield layers 112 and 114. In 
response to external magnetic fields, the resistance of the spin valve sensor 106 changes. 
A sense current (I s ) conducted through the sensor causes these resistance changes to be 
manifested as potential changes. These potential changes are then processed as readback 

10 signals by processing circuitry. 

The write head portion 102 of the magnetic head 100 includes a first coil layer 
122 embedded in a first insulation layer 116. A second insulation layer 120 is employed 
to planarize the head after the second pole tip process so that a subsequent second layer 
coil can be formed on a substantially planar surface. A second coil layer 123 is embedded 

15 in a third insulation layer 125. The first, second, and third insulation layers are referred 
to in the art as an "insulation stack". The coil layers 122, 123 and the first, second and 
third insulation layers 116, 120 and 125 are sandwiched between first and second pole 
piece layers 124 and 126. The first and second pole piece layers 124 and 126 are 
magnetically coupled at a back gap 128 and have first and second pole tips 131 and 132 

20 which are separated by a write gap layer 134 at the ABS. In a merged head, the second 
shield layer 114 and the first pole piece layer 124 would be a common layer. 

In a conventional design, a bump 136 is formed on the write gap layer 134 to 
form a stitched structure. However, there are certain limitations on creating the bump 
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136. One problem encountered when attempting to form this bump 136 is that small 
variations of the bump 136 have a dramatic effect on the write function. Particularly, if 
the bump 136 is too tall in a direction parallel to the ABS, the amount of magnetic 
material on the top of the bump will be reduced. The large topography of a large bump 
5 height also makes if difficult to form the track width of the second pole tip 132 due to the 
reflective light during the photolithography process. If the bump 136 is too short, leakage 
across the write gap occurs, which in turn reduces write efficiency. 

What is needed is a structure that has a height sufficient to separate the first and 
second pole tips 131 and 132, but at the same time not creating too much topography 
10 when the second pole tip 132 and second pole piece layer 126 are formed. 

What is also needed is a bump structure that provides controlled PI saturation. 

What is further needed is a structure that has a reduced throat height to improve 
write efficiency for lower track width/write gap length used in future high density heads. 

What is still further needed is a bump formed using a dry process for good throat 
15 height definition. 
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Summary of the Invention 

The present invention allows a magnetic head to have a narrow track width and 
5 short throat height. Narrow track widths and short throat heights will be required by 

future longitudinal write heads as described in Yimin Hsu et al, TMRC 2003, Santa Clara 
University. 

According to one embodiment of the present invention, a head has an air bearing 
surface (ABS) and a first pole tip. A second pole tip is spaced apart from and facing the 

10 upper end of the first pole tip across a write gap. A bump extends into a portion of the 
upper end of the first pole tip and a portion of the bottom surface of the second pole tip, 
the bump being positioned away from the ABS. The bump defines a throat height of the 
first and second pole tips with substantially less topography than was heretofore known. 
This reduced topography makes pole process more robust for P2 track width control. 

1 5 Also, sufficient separation is created between the first and second pole tips in the bump 
region to ensure sufficient magnetic separation in a short effective throat height. 

The bump may have many shapes, such as a generally circular shape, a generally 
oval shape, a generally triangular shape, or a generally trapezoidal shape with or without 
an end tapering (rounded or angled) towards the pole tips. In one embodiment, the bump 

20 is relatively short. In another embodiment, the bump extends in a direction away from the 
ABS but before the back gap of the magnetic head. 

The bump is constructed of a nonmagnetic material such as alumina, a 
nonmagnetic metal (electrically conductive or nonconductive), and/or cured photoresist. 
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Preferably, the bump is formed using a dry process such as by vacuum deposition. Using 
a dry process of bump formation provides an advantage in position control, resulting in 
better throat control, which is critical for short throat height writers. 

Other aspects and advantages of the present invention will become apparent from 
5 the following detailed description, which, when taken in conjunction with the drawings, 
illustrate by way of example the principles of the invention. 
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Brief Description of the Drawings 

For a fuller understanding of the nature and advantages of the present invention, as 
5 well as the preferred mode of use, reference should be made to the following detailed 
description read in conjunction with the accompanying drawings. 
FIG. 1 is a partial view of a magnetic head. 

FIG. 2 is a partial ABS view, not to scale, of the slider taken along plane 2-2 of 
FIG. 1 to show the read and write elements of the magnetic head. 
10 FIG. 3 is a simplified system diagram of a magnetic disk drive system in accordance 

with one embodiment. 

FIG. 4A is a side cross-sectional view of a magnetic head according to one 

embodiment. 

FIG. 4B is a side cross-sectional view of a magnetic head having a single layer upper 

15 pole. 

FIG. 5 A is a side cross-sectional view of a magnetic head according to one 
embodiment. 

FIG. 5B is a side cross-sectional view of a magnetic head having a single layer upper 

pole. 

20 FIG. 6 is a side cross-sectional view of a structure during the formation of the head of 

FIG. 4A. 

FIG. 7 is a side cross-sectional view of a structure during the formation of the head of 
FIG. 4A. 
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FIG. 8 is a side cross-sectional view of a structure during the formation of the head of 
FIG. 4A. 

FIG. 9 is a side cross-sectional view of a structure during the formation of the head of 
FIG. 4A. 

FIG. 10 is a side cross-sectional view of a structure during the formation of the head 
of FIG. 5 A. 

FIG. 11 is a side cross-sectional view of a structure during the formation of the head 
of FIG. 5A. 

FIG. 12 is a side cross-sectional view of a structure during the formation of the head 
of FIG. 5A. 
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Best Mode for Carrying Out the Invention 

The following description is the best embodiment presently contemplated for 
5 carrying out the present invention. This description is made for the purpose of illustrating 
the general principles of the present invention and is not meant to limit the inventive 
concepts claimed herein. 

Referring now to FIG. 3, there is shown a disk drive 300 embodying the present 
invention. As shown in FIG. 3, at least one rotatable magnetic disk 312 is supported on a 
10 spindle 314 and rotated by a disk drive motor 318. The magnetic recording on each disk 
is in the form of an annular pattern of data tracks (not shown) on the disk 312. 

At least one slider 313 is positioned near the disk 312, each slider 313 supporting 
one or more magnetic read/write heads 321. As the disks rotate, slider 313 is moved 
radially in and out over disk surface 322 so that heads 321 may access different tracks of 
15 the disk where desired data are recorded. Each slider 313 is attached to an actuator arm 
319 by way of a suspension 315. The suspension 315 provides a slight spring force which 
biases slider 313 against the disk surface 322. Each actuator arm 319 is attached to an 
actuator means 327. The actuator means 327 as shown in FIG. 3 may be a voice coil 
motor (VCM). The VCM comprises a coil movable within a fixed magnetic field, the 
20 direction and speed of the coil movements being controlled by the motor current signals 
supplied by controller 329. 

During operation of the disk storage system, the rotation of disk 312 generates an 
air bearing between slider 313 and disk surface 322 which exerts an upward force or lift 



HIT1P021/HSJ9-2003-0069US1 



-9- 

on the slider. The air bearing thus.counter-balances the slight spring force of suspension 
315 and supports slider 313 off and slightly above the disk surface by a certain fly height 
spacing during normal operation. 

The various components of the disk storage system are controlled in operation by 
5 control signals generated by control unit 329, such as access control signals and internal 
clock signals. Typically, control unit 329 comprises logic control circuits, storage means 
and a microprocessor. The control unit 329 generates control signals to control various 
system operations such as drive motor control signals on line 323 and head position and 
seek control signals on line 328. The control signals on line 328 provide the desired 

10 current profiles to optimally move and position slider 313 to the desired data track on 
disk 312. Read and write signals are communicated to and from read/write heads 321 by 
way of recording channel 325. 

The above description of a typical magnetic disk storage system, and the 
accompanying illustration of FIG. 3 are for representation purposes only. It should be 

15 apparent that disk storage systems may contain a large number of disks and actuators, and 
each actuator may support a number of sliders. 

The present invention provides novel write head structures each with a new bump 
structure that reduces the flux leakage from an upper pole tip to a lower pole tip so that 
the optimal writing performance can be achieved at short throat height. This new bump 

20 process can define the throat height accurately by means of a dry process. The new bump 
structure also provides a height sufficient to separate upper and lower pole tips of the 
write head, while at the same time minimizing the topography over which the upper pole 
tip(s) and pole(s) are formed, resulting in greater writing efficiency and track width 
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control. The new bump structure further provides controlled PI saturation without 
sacrificing the saturation necessary for efficient writing. The novel bump structure 
reduces the throat height to improve write efficiency for narrow track width and thin 
write gap length usable in current and future high density heads. 
5 FIG. 4A is a side cross-sectional view of a magnetic head 400 according to one 

embodiment. The head 400 includes a write head portion 402 and a read head portion 
404, the read head portion 404 employing a sensor 406. The sensor 406 is sandwiched 
between nonmagnetic electrically insulative first and second read gap layers 408, 410, 
and the read gap layers are sandwiched between ferromagnetic first and second shield 

10 layers 412, 414. In response to external magnetic fields, the resistance of the sensor 406 
changes. A sense current (I s ) conducted through the sensor 406 causes these resistance 
changes to be manifested as potential changes. These potential changes are then 
processed as readback signals by processing circuitry. 

The write head portion 402 of the magnetic head 400 includes a first coil layer 

1 5 422 embedded in a first insulation layer 416. A second insulation layer 420 is employed 
to planarize the second pole tip surface so that the second coil layer can be formed on a 
substantially planar surface. A second coil layer 423 is embedded in a third insulation 
layer 425. The coil layers 422, 423 and the first, second and third insulation layers 416, 
420, 425 are sandwiched between lower and upper pole piece layers 424, 426. The lower 

20 and upper pole piece layers 424, 426 are magnetically coupled at a back gap 428 and 
have lower and upper pole tips 431, 432 which are separated by a write gap layer 434 at 
the ABS. In a merged head, the second shield layer 414 and the first pole piece layer 424 
would be a common layer. 
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A bump 436 is formed such that it extends into a portion of the upper and rear 
ends of the lower pole tip 431 as well as into a portion of the bottom and rear ends of the 
upper pole tip 432. The sunken placement of the bump makes the topography very low 
while keeping back regions of the upper and lower pole tips 432, 431 separate. 
5 Because the bump extends into the back edges of the upper and lower pole tips 

432, 431, the throat height TH of the upper and lower pole tips 432, 431 is defined by the 
bump. The throat height is particularly important to define writer efficiency particularly 
for high tracks-per-inch (TPI) narrow pole width application. If the upper pole tip is very 
long in a direction perpendicular to the ABS, the field from the upper pole tip will leak 
10 into the lower pole tip, resulting in a weak field. If the field is too weak, it will not be 
able to create the magnetic transition on the disk. If the upper pole tip is too short, 
saturation of the field occurs. In other words, the field spreads out creating a broad 
transition width, which in turn creates side writing that can make high density recording 
impossible. 

15 FIG. 4B illustrates a single coil design 450. The structure is similar to that of FIG. 

4A, except the upper pole 452 is a single layer. 

FIG. 5 illustrates an alternate embodiment 500 in which the bump extends away 
from the ABS about to the back gap 428. 

FIG. 5B illustrates a single coil design 550. The structure is similar to that of FIG. 
20 5A, except the upper pole 552 is a single layer. 

The structures shown in FIGS. 4A-B and 5A-B are presented by way of example 
only, and the bump design can be implemented in other types of writers. 
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Preferred materials from which the bump can be constructed include alumina, 
silicon dioxide, cured resist, a nonmagnetic metal, or other nonmagnetic material, which 
can be electrically conductive. 

The bump may be created by any suitable method, as will be understood by those 
5 skilled in the art. Following are several illustrative methods that can be used to form the 
bump. 

FIGS. 6-9 graphically illustrate one illustrative process for forming the structure 
shown in FIG. 4. In this process, the bump is defined before the write gap layer. 

Referring to FIG. 6, the head 400 is formed up to the first coil layer 422 and lower 

10 pole tip 431. The lower pole tip 431 and remaining structure are planarized such as by 

chemical mechanical polishing (CMP) with a CMP stopper layer 450. Note that the CMP 
stopper layer 450 may not be required depending on the method of choice in forming the 
coil, the lower pole tip, and the CMP process. A bilayer resist 452 is added above the 
CMP stopper layer 450 and patterned to expose the bump region 454 and define the 

15 throat height TH. The structure is ion milled to form a void in the bump region 454, 
creating the structure shown in FIG. 7. As shown in FIG. 7, the tall resist 452 causes 
shadowing, which in turn causes the exposed material in the middle of the bump region 
454 to be removed faster, resulting in a generally hemispherically shaped void. Note that 
a portion of the lower pole tip 431 is removed. 

20 Referring to FIG. 8, the bump region 454 is filled with alumina or other 

nonmagnetic material, such as by sputter deposition. Again, the tall walls of the resist 454 
create shadowing, resulting in more material being deposited in the middle of the bump 
region, giving the bump 436 an oval shape. 
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As shown in FIG. 9, the CMP stopper layer 450 is removed such as by reactive 
ion etching (RIE), and the resist 452 is removed preferably using a liftoff process. Light 
polishing may also be performed to remove any fencing remaining from the deposition 
step. The write gap layer 434, a seed layer 456 for plating, the upper pole tip 432 and the 
5 second insulation layer 420 are formed and the structure is again planarized. Then the rest 
of the writer is formed to create the structure shown in FIG. 4. 

FIGS. 10-12 graphically illustrate an illustrative process for forming the structure 
shown in FIG. 5. In this process, the bump 436 is defined after the write gap layer 434 is 
formed. 

10 Referring to FIG. 10, the head is formed up to the lower pole tip 431 and first 

insulation layer 416. A write gap layer 434 is formed above the lower pole tip 431 and 
first insulation layer 416. A CMP stopper layer 470 is formed above the write gap layer 
434. 

As shown in FIG. 11, a bilayer photoresist 472 is formed and patterned above the 
1 5 CMP stopper layer 470. The structure is milled to create a bump region. Then the bump 
436 is formed in the bump region such as by deposition. The resist 472 and CMP stopper 
layer 470 are removed and the second pole tip 432 and second insulation layer 420 are 
formed above the bump 436/write gap layer 434, as shown in FIG. 12. Then the rest of 
the writer is formed to create the structure shown in FIG. 5. 
20 While various embodiments have been described above, it should be understood 

that they have been presented by way of example only, and not limitation. For example, 
the structures and methodologies presented herein are generic in their application to all 
write heads mobile, desktop and server disk drives. Thus, the breadth and scope of a 
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preferred embodiment should not be limited by any of the above-described exemplary 
embodiments, but should be defined only in accordance with the following claims and 
their equivalents. 
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